There are known clinical and laboratory predictors for stroke and death following CABG. The aim of this study was to determine if transthoracic echocardiographic findings prior to CABG have additional predictive value for occurrence of perioperative cerebrovascular accident (CVA) and death. The files of patients who underwent CABG between January 2002 and November 2004, with perioperative echocardiographic assessment were reviewed. Echocardiographic variables examined included LV size, function and hypertrophy, mitral annulus calcification (MAC) and aortic valve calcification (AVC). Patients in whom post-CABG stroke or death was documented were compared with those without these endpoints. Of the 572 patients who met the study criteria, 33 (5.8%) had a neurological event and 26 (4.5%) died, four after a major stroke. One hundred and sixty-seven patients had MAC and 228 AVC. On multivariate analysis, risk factors for stroke were previous stroke (ORs2.91 CI 1.179-7.24; P-0.005), renal failure (ORs2.48 CI 1.039-5.95; P-0.001) and older age (ORs1.60 CI 0.971-2.63; P-0.001); risk factors for death were perioperative insertion of intra-aortic balloon pump (ORs33.7 CI 11.38-100; P-0.001) and peripheral vascular disease (ORs3.89 CI 1.32-11.45; P-0.001). Medically treated dyslipidemia was protective factor. LV hypertrophy significantly predicts stroke post-CABG by univariate analysis (Ps0.02). There was no significant correlation between AVC and MAC with stroke, although death was slightly increased in patients with MAC (44% vs. 29.2%, Ps0.114).
Introduction
Coronary artery bypass grafting (CABG) is associated with neurological complications. Nevertheless, stroke today has an incidence of 1-5% in post-CABG patients and accounts for 21% of the postoperative mortality rate. It also has an important influence on morbidity and recovery and significantly prolongs the length of in-hospital stay w1x.
Since the 1960s there has been a notable decrease in the postoperative stroke rate, probably because of improvements in surgical techniques, advancement in anesthesia and oxygenation and new methods of cardioplegia w1x. Yet the number with postoperative stroke remains high, and researchers assume that these high figures are explained by the current tendency to operate even in older and complicated cases, more severe heart diseases and more comorbidity w2x. Therefore, recognizing the risk factors for stroke after CABG will help lower its frequency or prevent it altogether. The most significant predictors found in previous studies were chronic renal failure, recent myocardial infarction, hypertension, previous stroke, type 2 dia-1 Orit Kluck and Marius Berman contributed equally to this work. *Corresponding author. Tel.: q972-3-9376710; fax: q972-3-9240762. E-mail address: berman_marius@yahoo.com (M. Berman). betes mellitus, age over 75 years, peripheral vascular disease, moderate to severe left ventricular dysfunction, atrial fibrillation, low ejection fraction, and operation in an emergency setting w1,3x.
Another important predictor of postoperative stroke is atherosclerotic aorta. Although off-pump CABG lowers the risk of atheroemboli associated with aortic cannulation, cross-clamping and pump-related emboli, it is still associated with 0-3.3% risk of stroke w4x. Some reports demonstrated no consistent differences in the occurrence of cognitive dysfunction and stroke at several time points after on-pump versus off-pump CABG w5x.
A correlation between an atherosclerotic aorta and valve calcification has been previously reported w6,7x. The aim of the present study was to determine if mitral annulus calcification (MAC) and aortic valve calcification (AVC) are predictors of post-CABG stroke.
Material and methods
A retrospective case-control design was used. Between January 2002 and November 2004 the computerized database of the departments of cardiothoracic surgery department and echocardiograhic laboratory of a single tertiary medical center were searched for all patients who under- 
Echocardiography
Routine standard 2-D transthoracic echocardiography was done using Sonos 5000 ultrasound machines (Philips). MAC was defined as a dense, localized, highly reflective area at the base of the posterior mitral leaflet. AVC was defined by TTE as focal areas of increased echogenicity and thickening of the aortic-valve leaflets without restriction in motion. To isolate valve calcification as a risk factor, all other known predictors for post-CABG stroke were examined.
Statistical analysis
Data were analyzed using BMDP software (1993). Continuous variables were compared between the two groups using analysis of variance and discrete variables were compared using Pearson's x test or Fisher's exact test, as 2 appropriate. A P-value of F0.05 was considered significant.
Results
The patient characteristics are shown in Table 1 . A total of 572 patients met the study criteria, of which 33 (5.8%) had a postoperative neurological event: 21 (3.7%) CVA and 12 (2.1%) TIA. Twenty-six patients (4.5%) died in hospital, four after a massive neurological event. Death in a later course occurred 3-24 days (mean 9) after surgery, and in the other 22 cases who deceased, death occurred within 0-45 days (mean 10.85) after surgery. There were 167 (29.9%) cases of MAC and 228 (40.8%) of AVC. The mean length of in-hospital stay was 13.323"9.393 days for patients with a neurological event, and 6.609"5.312 days for the control group.
Predictors of stroke
Several factors were associated with a significant increase in the risk of stroke ( Table 2) : older age, chronic renal failure, previous stroke, and postoperative paroxysmal atrial fibrillation (PAF). Among the echocardiographic factors (Table 3) , there was no association of MAC and AVC with stroke. Left ventricular hypertrophy, calculated as the mean of the sum of the intraventricular septum width and posterior wall thickness (Ps0.03), was associated with postoperative stroke, and low left ventricular function showed a tendency for predicting stroke.
Predictors of mortality
Factors found to be predictors of death (Table 4) were older age, chronic renal failure, peripheral vascular disease and PAF. Some surgery-related factors were also highly predictive, including high Parsonnet score, postoperative PAF, insertion of an intra-aortic balloon pump, and emergency operation (P-0.0001) for all.
Among the echocardiographic factors (Table 5) , moderate to severe left ventricular dysfunction was a strong predictor of mortality (P-0.0001). The presence of MAC or AVC had no significant influence on postoperative mortality. Multivariate analysis risk factors for stroke and mortality are represented in Table 6 .
Discussion
Neurological complications remain a major cause of post-CABG morbidity and mortality. In our sample, 3.7% of the patients had a postoperative CVA and 2.1%, a TIA. Although inclusion of the TIAs may have led to an overestimation of O. Kluck et al. / Interactive CardioVascular and Thoracic Surgery 6 (2007) [30] [31] [32] [33] [34] the neurological events, we were limited by a relatively small number of patients who had a full stroke. The aim of our study was to identify possible predictors of stroke and death, mainly from the echocardiographic examination and to determine, in particular, whether aortic and mitral valve calcifications are major risk factors. We found that older age, chronic renal failure, previous stroke and PAF were predictors of postoperative stroke, and that previous stroke, chronic renal failure, and older age were predictors of death. Valve calcification did not seem to have any influence on either stroke or death, although left ventricular hypertrophy, easily measured by echocardiography, was considered as a strong predictor of stroke. Previous studies have described the relationship between MAC and AVC, and between valve calcification and aortic atheromas w6x. An association was also reported between MAC and cerebral stroke w8x, and between aortic atheromas and postoperative stroke w9x. These findings led to the assumption that left-sided valve or annular calcification may be a predictor for postoperative stroke. However, no statistical evidence to support this theorem was noted in the present study. Our results may be explained by a true absence of a relationship between MACyAVC and post-CABG stroke or, a too low incidence of stroke in the study population to achieve a statistical significance. The risk factors identified in our analysis are in line with earlier studies. Previous cerebral stroke (ORs2.91) has also been identified by several other groups as a strong predictor of postoperative stroke w1,10x. Twelve of our patients had a carotid endarterectomy in the past; none of them had a postoperative stroke. Therefore, we recommend that prior to CABG, patients undergo carotid artery evaluation according to the guidelines. In the case of diseased arteries, physicians should consider carotid treatment first or combined surgery.
The strong correlation shown here between chronic renal failure and postoperative stroke (ORs2.48) agrees with previous studies showing that an elevated creatinine level is a strong predictor for cerebral stroke. In addition, left ventricular hypertrophy was found in previous studies to predict cerebral stroke and asymptomatic brain damage (not postoperative) w11x. We found that it also predicts stroke after surgery (Ps0.032).
The size of the older population continues to grow, and CABG is being applied more and more in older patients. Although CABG can provide them with a good quality of life, clinicians must be aware that older age is also a major risk factor for postoperative complications and stroke (ORs1.60 for each 10 years of age). Therefore, careful patient selection is imperative.
PAF is a common complication of a CABG operation, affecting about 30% of patients. Its incidence rises with an increasing rate of myocardial ischemia during the operation and depends on the method of cardioplegia. In our group, 34.4% of patients with stroke had PAF, compared with 18.4% in the control group (Ps0.0156). Although PAF is usually not considered lethal, it can cause hemodynamic instability, thromboembolic events, and patient anxiety.
The finding that pharmacologically treated dyslipidemia was a protective factor against postoperative stroke (ORs2.71), emphasizes the importance of treating this condition. It also agrees with many clinical trials that have shown the effectiveness of treating high cholesterol levels in lowering the number of cardiovascular events, including stroke.
Regarding the mortality risk factors, older age, CRF, PVD, preoperative PAF and postoperative arrhythmias were found as factors that predict death, although most of the patients who died had PAF (41.6% compared to 18.9% in the control group), ventricular fibrillation was much more significant, leading to death in four patients (33.3%) in the study group compared to only three controls (0.6%).
The Parsonnet score is based on the calculation of many risk factors for death w12x. We found that a high Parsonnet score was correlated with high mortality (P-0.0001), supporting the use of this score to calculate individual patient operative mortality risk.
Insertion of an intra-aortic balloon pump (IABP) and emergency operation were also associated with a higher probability of death. It is very likely that these are not direct causes of death, but rather factors that signify poor medical status.
The finding of moderate to severe left ventricular dysfunction as a very important predictor of death (P-0.0001), agrees with earlier studies and raises the question of whether these patients require different management before, during and after surgery. Another echocardiographic parameter, the LV mass and hypertrophy, was previously associated with increased risk for sudden death w13x. The correlation between heart weight and severity of coronary artery disease in sudden death victims is debatable. Left ventricular hypertrophy reduces coronary flow reserve while increasing myocardial oxygen consumption. This imbalance may predispose to ischemia, arrhythmias and sudden death w14x. Coronary blood supply also may be impaired by atherosclerosis in persons with LV hypertrophy because some factors associated with myocardial hypertrophy are atherogenic. On the contrary, Cooper et al. w15x found that increased LV mass predicts subsequent mortality more strongly in patients without angiographic evidence of obstructive coronary artery disease than in those with stenosis of the epicardial coronary arteries. These findings have been interpreted to suggest that LV mass reflects the integrated adverse effects on the heart of increased hemodynamic load and vascular damage.
In our study, we documented a significant association between LH hypertrophy parameters and stroke. It may suggest that hypertrophic hearts adapted to hypertensive pattern, reflects diffuse vascular alterations, intra-and extracranial.
Although our study is limited by its retrospective design and relatively few cases of stroke, the importance of recognizing the predictors for stroke, which has important effects on morbidity and mortality, cannot be overemphasized. Surgeons must take patient characteristics and risk factors into consideration, and decide accordingly, whether to operate or not and what operative technique to use.
Conclusion
The independent risk factors for post-CABG stroke are previous CVA, RF and older age. MAC and AVC are apparently not independent risk predictors associated with either a postoperative neurological event or death, though the mortality rate slightly increased by the presence of MAC. LV hypertrophy suggests increase risk for post-CABG stroke. Further investigation is needed to determine other possible echocardiographic risk factors for stroke in this setting.
